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                                        PREFACE 

     Description of a Special Software (SS-PSA), covering all the four levels of NPPs Probalistic 

Safety Analysis (PSA), is given. The  SS-PSA software is intended for sequential fulfilment with 

a Personal Computer by one expert or a few experts of works for joint (integrated) analysis of 

reliability and safety of NPP with RBMK type reactor, beginning from an Initiating Event up to 

calculation of the radiation dose of a person. In particularly if experts are using only the first two 

levels of PSA, the  SS-PSA software is the basis for development of a Risk Monitor, enabling to 

determine the NPP safety level in real time.  

 

                                   SUMMARY  

     Conditionally the methodology of reliability analysis of NPPs technical systems  and NPPs 

operational  safety   may be  splited into some dozens of sections, each of which contains its own 

methodology and its own computation package of codes. These methodologies and codes, as a 

rule, were developed by various institutes. In connection with it the modern methodology of 

NPPs reliability and safety analysis is inaccessible for solution of operative tasks of NPPs safety, 

because it requires effective interaction both between scientific, design and project organizations 

and with NPPs staff.  So constantly there was the  task to develop an express-methodology of 

NPPs reliability and safety analysis on the basis of the existing methodology. The methodology 

must  be closed, i.e.  the methodology must cover all the main sections of the analysis, but at the 

same time the one must  be operative at its application. Here the operativeness means, in the first 

turn, that the whole complex of the necessary calculations must  be conducted independently by 

one organization or by NPPs staff or, that is extremely desirable, by one highly skilled expert. 

     METHODOLOGY.  For all main areas of the analysis, that  are four levels of the Probalistic 

Safety Analysis (PSA), packages of codes were chosen. These codes are rather simple in using 

them at Personal Computers and which were developed on the basis of engineering techniques. 

In the result a Special  Software (SS-PSA) was developed, consisting of the next sections, 

techniques and codes:  



PSA-0: calculation of reliabiulity of technical systems, method of Fault Trees, codes PSA 

PACK, PC SETS, IRRAS, SAPHIRE.  

PSA-1: determination of category of nuclear fuel damage for given Initiating Event and 

calculation of core damage frequency, method of Event Trees, code RELAP5.  

PSA-2: calculation of accumulation of radionuclides and transference of the radioactivity into 

NPPs compartments  and calculation of radioactive release into atmosphere,  codes AFPA, 

VSPLESK, JET.  

PSA-3: calculation of transference of the radioactivity into environment and calculation of 

radiation dose of a person, Gaus's theory of transference of the impurity into environment, 

technique of the International Commission for Radiation Protection (ICRP) for determination of 

radiation dose for a person, codes BIOMA, DOZA. 

     Further these codes were installed at a Personal Computer. In the result an Automated 

Working Place (Workstation) of a researcher was formed for NPPs intergrated reliability and 

safety analysis. Together with graphic opportunities of the Personal Computers the Workstation 

of a researcher provides convinient  software for execution of reliability and safety analysis of 

different NPPs. 

     PILOT APPLICATION. In the most cases the   SS-PSA software is intended for the NPPs 

integrated reliability and safety analysis. It means that with the help of this software a researcher 

can carry out the necessary series of the tasks for reliability and safety of NPPs, beginning to do 

it from an Initiating Event and ending it throught calculation of radiation dose of a person in the 

result of this Initiating Event. In principle it is possible to unite all the dominant Initiating 

Events. Then the   SS-PSA software is transformed into a calculation system, enabling to 

determine the safety level (risk) of the considered NPP. It is possible, naturally, to carry out  the 

necessary investigations for reliability and safety in parts for every main section of research. 

Pilot application of the  SS-PSA software was conducted for solution of series of practically 

important tasks for NPPs with RBMK type reactors. In the result of the calculations very 

important recommendations were received for increasing of safety level of NPPs with RBMK 

type reactors, which were introduced during the up-grading reconstruction of the first Units of 

Leningrad and Kursk NPPs. The results of the calculations were also applied during 

development of measures for increasing of safety level of Ignalina NPP for reception of the 

licence for its long operation. Some time ago similar calculational investigations for review of 

the International project "Probabilistic Safety Analysis and Deterministic Safety Analysis  of the 

second Unit of Leningrad NPP" were carried out. 
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                                RESUME    

     Description of a Special Software (SS-PSA), covering all four levels of NPPs Probalistic 

Safety Analysis (PSA), is given. The  SS-PSA software is intended for sequential fulfilment with 

the help of a Personal Computer by one expert or a few experts of works for joint (integrated) 

analysis of reliability and safety of NPP with RBMK type reactor. The works  begin from an 

Initiating Event up to calculation of the radiation dose of a person. In particularly if experts are 

using only the first two levels of PSA (PSA-0 and PSA-1) , the  SS-PSA software is the basis for 

development of a Risk Monitor, enabling to determine the NPP safety level in real time.  

 

                                 1. METHODOLOGY  

     Conditionally the methodology of reliability analysis of NPPs technical systems  and NPPs 

operational  safety   may be  splited into some dozens of sections [1,2], each of which contains 

its own methodology and its own computing package of codes. These methodologies and codes, 

as a rule, were developed by various institutes. In connection with it the modern methodology of 

NPPs reliability and safety analysis is inaccessible for solution of operative tasks of NPPs safety, 

because it requires effective interaction both between scientific, design, project organizations 

and with NPPs staff.  So constantly there was the  task to develop an express-methodology of 

NPPs reliability and safety analysis on the basis of the existing methodology. The methodology 

must  be closed, i.e.  the methodology must cover all the main sections of the analysis, but at the 

same time the methodology  must  be operative at its application. Here the operativeness means, 



in the first turn, that the whole complex of the necessary calculations must  be executed 

independently by one organization or by NPPs staff or, that it is extremely desirable, by one 

highly skilled expert. 

     For all main areas of the analysis, that  are four levels of the Probalistic Safety Analysis 

(PSA), packages of codes were chosen [3]. These codes are rather simple in using them at 

Personal Computers and which were developed on the basis of engineering techniques. In the 

result a Special  Software, named SS-PSA,  was developed, consisting of the next sections, 

techniques and codes,  presented in Table 1. 

TABLE 1. STRUCTURE OF THE  SPECIAL SOFTWARE  "SS-PSA". 

 ......................................................................................................................................... 

PSA level      Field of the analysis                            Techniques                        Codes 

........................................................................................................................................... 

PSA-0         Calculation of technical             Method of Fault Trees [4]            PSA PACK  

                    systems reliability.                                                                       PC SETS                        

                                                                                                                      IRRAS           

                                                                                                                      SAPHIRE 

..............................................................................................................................................  

PSA-1        Determination of nuclear                 Thermo-hydraulics                 RELAP5 

                  fuel damage category                              theory  

                  for  given Initiating Event. 

                  Calculation of core damage             Method of Event Trees [1]       IRRAS         

                  frequency.                                                                                    SAPHIRE 

.......................................................................................................................................... 

PSA-2       Calculation of accumulation             MEPHI's method                     AFPA  

                 of radionuclides in the core.  

                 Transference of the                         Method of Heating                   VSPLESK 

                 radioactivity into NPPs               Engineering Institute (VTI)             JET 

                 compartments  and calculation    for calculation of spreading             

                 of radioactive release                  of steam-water-air mixture   

                 into atmosphere                          into NPPs  compartments [5] 

........................................................................................................................................  

PSA-3      Calculation of transference          Gaus's theary of  transference        BIOMA    

               of the radioactivity into                . of the impurity into   

               environment.                                 environment [6]  



              Calculation of radiation dose          Technique of the International      DOZA 

              of a person.                                   Commission for  Radiation  

                                                                  Protection  (ICRP) for  

                                                                  determination of  radiation dose  

                                                                  for a person [7] 

........................................................................................................................................... 

     Further these codes were installed at a Personal Computer. In the result an Automated 

Working Place (Workstation) of a researcher was formed for NPPs intergrated reliability and 

safety analysis. Together with graphic opportunities of the Personal Computers the Workstation 

of a researcher provides convinient  software for execution of reliability and safety analysis of 

different NPPs. 

 

       2. PILOT APPLICATION OF THE "SS-PSA" SOFTWARE 

FOR RELIABILITY AND SAFETY ANALYSIS OF RBMK TYPE REACTORS  

     In the most cases the   SS-PSA software is intended for the NPPs integrated reliability and 

safety analysis. It means that with the help of this software a researcher can carry out the 

necessary series of the tasks for reliability and safety of NPPs, beginning to do it from an 

Initiating Event and ending it up to the  calculation of radiation dose of a person, in the result of 

this Initiating Event. In principle it is possible to unite all the dominant Initiating Events. Then 

the   SS-PSA software is transformed into a calculation system, enabling to determine the safety 

level (risk) of the considered NPP. It is possible, naturally, to carry out  the necessary 

investigations for reliability and safety in parts for every main section of research. Pilot 

application of the  SS-PSA software was conducted for solution of series of practically important 

tasks for NPPs with RBMK type reactors. In the result of the calculations very important 

recommendations were received for increasing of safety level of NPPs with RBMK type 

reactors, which were introduced during  

the  reconstruction of the first Units of Leningrad and Kursk NPPs. The results of the 

calculations were also applied during development of measures for increasing of safety level of 

Ignalina NPP for reception of the licence for its long operation. Some time ago similar 

calculational investigations for review of the International project "Probabilistic Safety Analysis 

and Deterministic Safety Analysis  of the second Unit of Leningrad NPP" were carried out. 

    

                RELIABILITY ANALYSIS (PSA-0): 

1.  Reliability analysis of RBMK Safety Systems of   the Second part of Kursk NPP and the First   



     part of Smolensk NPP [ 8 ] was conducted. 

2. Reliability analysis  of RBMK Fast Acting Part and Long Acting Part of  ECCS   

   of Kursk NPP First Unit  both before modernization [ 9, 10 ] and  after modernization [ 11, 12 ]   

   was carried out. 

3. Reliability analysis of ECCS Fast Acting Part   of Ignalina NPP First Unit was executed [ 13 ]. 

 

                SAFETY ANALYSIS (PSA-2): 

1. Consequences of accidents with  breakage of Pressure  and Distribution  Group Headers   

    of Smolensk NPP  Third Unit  were analysed [ 14 ]. 

2. Change of pressure in  compartments  of Leningrad NPP  First Unit  after hypothetical    

    breakages of Pressure  and Intake Headers of  RBMK  reactor were analysed [ 15 ]. 

   The similar problem was solved also for  partial breakages of Pressure Header and Intake    

   Header  [ 16 ]. 

3. Calculational  substantiation of main measures for  development of  steam-air mixture 

dumping   

   for RBMK reactor of Leningrad NPP  First Unit  was conducted [17]. 

 

                 SAFETY ANALYSIS  (PSA-1 and PSA-3): 

     By means of the SS-PSA software some problems were solved also for PSA-1 and PSA-3. 

Appropriate calculations were carried out for Deterministic Support  of the preliminery PSA for 

Kursk and Smolensk NPPs. 

 

3. FURTHER  APPLICATION OF THE"SS-PSA" SOFTWARE  

        In the report  [ 13 ] on  the basis of reliability calculations of Ignalina NPP ECCS, using the 

USA's IRRAS  package, the  potential possibility  for  development of a Risk Monitor of real 

time by means of  Personal Computers was studied. Below  main results  of this work are 

provided.  

Similar analysis of ECCS reliability analysis of RBMK reactors was carried out  earlier [ 18 ]. 

However in this case reliability  characteristics of ECCS components were taken from the 

IAEA's Integrated Data Base, as far as at that time the reliability data for RBMK reactors were 

unsufficiently. Some time later such   data were received and therefore there was the  

opportunity of fulfilment  of similar calculations, using the real data. In this case, as  earlier, the 

ECCS of Ignalina NPP Unit 1  was considered, reliability  data  were taken from the  materials of 

the Russian-Swidish  project "Barselina" [ 19 ]. 



   In  contrast to  earlier used for reliability analysis of  program FTAP ( Fault Tree Analysis 

Programme ) in  given case the  SETS code ( Set Equation Transformation System ) was applied. 

It should be noted, that  the  SETS  code makes the basis of packages for reliability analysis, 

that is  used at  the present  time  : the American  IRRAS   and the Swedish   RISK SPECTRUM 

packages. This  program is included also  into  the last versions of the IAEA's PSA PACK 

package.  

      However in   contrary to  used packages, where  the reliability analysis is  carriing out for the  

Graphical Fault Tree, which is formed on the screen  of Personal Computer monitor, in  given 

case Boolean analogue of the Fault Tree was under construction. This circumstance has allowed 

to define  "pure"  time of  the  solving  problem, i.e. without taking into account  the running 

time for  

the service-conversion of the  Graphic Fault Tree in the Boolean one. 

   Such an approach was  chosen according the two  reasons:  

1.  The merging of small Graphic Fault Trees into  the  large one  is not always executed 

successfully, at least,  by means  of the PSA PACK package.   

2.  Knowing the  "pure"  time of calculation of one Safety system  everybody   can evaluated the  

running time  for analysis of one configuration of all Safety Systems of RBMK reactor. 

   The calculations  were executed for  two stages. During the first stage the separate reliability 

analysis of various Safety channels was  was conducted for Fast Acting Part of the ECCS, i.e. for  

each safety channel its own Fault Tree  was constructed and analysed. During the second stage 

common reliability analysis of various safety channels   of the ECCS Fast Acting Part was 

conducted, i.e. by means of one large Boolean Fault Tree. 

 

RELIABILITY ANALYSIS: The starting  item during the  execution of the work was the 

Graphical Fault  Tree, given  in  the report for  the project  "Barselina" [ 19 ]. Reliability  

characteristics of the needed components are there. The final Boolean Fault  Tree for all the 

ECCS Fast Acting Part (FAP) is given   in  Table  2.  

 

TABLE  2.  

BOOLEAN ANALOG OF THE UNITED FAULT TREE FOR IGNALINA NPP ECCS 

__________________________________________________________________ 

GABC          OR          GAB              GAC            GBC 

GAB          AND          GA00             GB00 

GAC          AND          GA00             GC00 



GBC          AND          GB00             GC00     

GA00           OR          GAA00           GAB00 

GAA00         OR          GAA10           GAAA00 

GAA10         OR          GAA20           GAA21          TH15S03         TH15S04 

GAA20       AND          GAA40           GAA41 

GAA40         OR          TH15S01         EKK11 

GAA41         OR          TH15S02         EP11 

GAA21         OR          TH30S01         TH30S02 

GAAA00       OR          GAAA10         RSTF1 

GAAA10       OR          GAAA20         GAAA22 

GAAA20     AND          GAA30           GAAA31 

GAAA30       OR          CUT1             TH30S03S 

GAAA31       OR          CUT1             TH30S04          S LV51 

GAAA22       OR          TH30 03        TH30 S04 

GAB00         OR          GAB10            GABA00 

GAB10         OR          GAB20            GAA21            TH25S03        TH25S04 

GAB20      AND         GAB30             GAB31 

GAB30         OR          TH25S01         EK11 

GAB31         OR         TH25S02          EP11 

GABA00      OR          LSTF1              GAAA10 

GB00           OR           GBA00             GBB00 

GBA00         OR           GBA10            GBAA00 

GBA10         OR           GBA20            GBA21          TH14S03           TH14 S04 

GBA20      AND           GBA40            GBA41 

GAB40         OR           TH14S01         EN11 

GAB41         OR           TH14S02         EJ11 

GBA21         OR           TH40S01        TH40S02 

GBAA00       OR          GBAA10         RSTF2 

GBAA10       OR          GBAA20         GBAA22 

GBAA20    AND          GBAA30         GBAA31 

GBAA30       OR          CUT2              TH40S03           SLU51 

GBAA31       OR          CUT2              TH40S04           S LV51 

GBAA22       OR          TH40S03         TH40 S04 

GBB00         OR           GBB10            GBB00 



GBB10         OR           GBB20            GBA21            TH24S03        TH24S04 

GBB20      AND           GBB30            GBB31 

GBB30         OR           TH24S01         EN11 

GBB31         OR           TH24S02         EJ11 

GBBA00      OR            LSTF2            GBAA10 

GC00           OR            GL00              GR00 

GL00           OR            GL10              GLA00 

GL10           OR            GL20              GL21                     GL22 

GL20        AND            GL80              GL82 

GL80           OR            TH19S05        TH19S04S 

GL82           OR            TH18S04        TH18S03S 

GL21        AND            GL41              GL42                   GL43 

GL41           OR           TH18S02         LA22 

GL42           OR           TH19S02         LA23 

GL43            OR          TH19S03         LA22 

GL22         AND          TH18S01S       TH19 S01 S 

GLA00         OR          GLA10             RSPUR 

GLA10         OR           TH18S02S      TH19S02S           TH19 S03 S 

GR00           OR           GR10              GRA00 

GR10           OR           GR20              GR21                   GR22 

GR20         AND          GR80              GR82 

GR80           OR           TH29S05        TH29S04S 

GR82           OR           TH28S04        TH28 S03 S 

GR21        AND           GR41              GR42                 GR43 

GR41          OR           TH28S02         LA25 

GR42          OR          TH29S02          LA26 

GR43          OR          TH29S03          LA25 

GR22       AND          TH28S01S        TH29 S01 S 

GRA00       OR           RGA10             LSPUR 

GRA10       OR           TH28S02S        TH29S02S        TH29S03S  

Note: 

1. OR and  AND - logical  operators, 

2. logical variables begin with  the letter G, 

3. the rest  variables,  TH15S01, CUT1 and  etc. type,  represent   parameters of reliability ( basic    



   events ) for appropriate    components of the ECCS FAP of Ignalina NPP on the  hydraulic   

   diagram. 

____________________________________________________________________ 

 

    The calculational results are given in Table 3. From the  results of 

calculations it  follows, that the  probability of failure on demand  of  

the ECCS Fast Acting Part is small and equal to  1.0 E-04. Top  value of this parameter  

as the Canadian experts  think [ 20 ], is the value, equal to  1.0 E-03.  

Thus the ECCS FAP of Ignalina NPP is  rather  reliable safety system. 

 

TABLE  3. MAIN RESULTS OF THE CALCULATIONS. 

 ____________________________________________________________ 

                                     Probability    

 Safety  Channel            of Failure on demand         Running time, sec. 

 ______________________________________________________________ 

 1-th balloon  channel        7.87 E-03                            1.5 

 2-th balloon  channel        7.87 E-03                            1.5 

 Pump channel                   2.43 E-03                            1.8 

 ECCS Fast Acting Part      9.97 E-05                           11.7 

 (as a single whole) 

________________________________________________________________ 

 

RUNNING TIME: From  Table  3 it also follows, that the  time, expended by 

a Personal Computer PC-386 for the reliability analysis of one safety system, 

consisting of  about 70 components is small and equal to in all 12 sec. At  the present time it is 

established [ 19 ], that the reliability analysis of RBMK reactors includes in consideration not 

more than 20 technical  systems, important for  safety. And in each system it is taken into 

account not  more than 50-100 components. Therefore the reliability analysis of RBMK reactor ( 

for one  

configuration  of safety systems ) can be executed by means of a Personal Computer  during  3-4 

minutes.  It means, that on the basis of the methodology, used here,  i.e.the application of the 

Boolean Fault  Tree, one can develop operative  indicator of  safety lavel, frequently named by 

RISK MONITOR. However for it  it is necessary previously to execute the next work: for  each 



Initiating  Event it needs  the particular  Event Tree to be transformed in the Boolean Fault  Tree  

and then  to conduct summarising for  all the Initiating Events. 

 

                                             4. CONCLUSION 

    1. Modern methodology  of reliability  analysis and safety  of NPPs  in view of its bulkyness 

does not  permit to solve  practical tasks operatively . So constantly there was the task to develop 

an express-methodology of  NPPs reliability and safety analysis on the basis of the existing 

methodology. The methodology must be closed, i.e. the methodology must cover all the main 

sections of the analysis, but at the same time the one must be operative at its application. 

     2. For all  main areas of the analysis (calculation  of reliability of Technical Systems, 

determination of category of nuclear fuel damage for given Initiating Event and calculation of 

core damage frequency, calculation of accumulation of radionuclides and transference of the 

radioactivity into NPPs compartments and calculation of radioactive release into atmosphere) 

packages of codes were chosen. These codes are rather simple in using them at Personal 

Computers and which were developed on the basis of engineering techniques. 

     3. Further these codes were installed at a Personal Computer. In the result a Special Software 

(SS-PSA) for the personal computers was created. Together with graphic possibilities of the 

personal computers this  Special Software provides convinient software for execution of 

reliability anf safety analysis of different NPPs. 

     4. By means of the SS-PSA software  a series of  practically important problems  for  analysis 

of reliability and  safety of NPPs with RBMK type reactors was resolved. 
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     ÈÍÒÅÃÐÈÐÎÂÀÍÍÛÉ ÀÍÀËÈÇ ÍÀÄÅÆÍÎÑÒÈ  

     È ÁÅÇÎÏÀÑÍÎÑÒÈ ÀÝÑ Ñ ÐÅÀÊÒÎÐÀÌÈ ÐÁÌÊ 

ÐÍÖ "Êóð÷àòîâñêèé Èíñòèòóò",123182, Ìîñêâà, ïë. Àêàäåìèêà Êóð÷àòîâà     

                             Âèííèêîâ Á.È 

. 

      Ïðèâîäèòñÿ îïèñàíèå ñïåöèàëüíîãî ìàòåìàòè÷åñêîãî îáåñïå÷åíèÿ (ÑÌÎ-ÂÀÁ), 

îõâàòûâàþùåãî âñå ÷åòûðå óðîâíÿ Âåðîÿòíîñòíîãî Àíàëèçà Áåçîïàñíîñòè (ÂÀÁ) ÀÝÑ. 

Ìàòåìàòè÷åñêîå îáåñïå÷åíèå ÑÌÎ-ÂÀÁ ïðåäíàçíà÷åíî äëÿ ïîñëåäîâàòåëüíîãî âûïîëíåíèÿ íà 

ïåðñîíàëüíîì êîìïüþòåðå îäíèì ñîòðóäíèêîì èëè íåáîëüøîé ãðóïïîé ñîòðóäíèêîâ  ðàáîò äëÿ 

ñîâìåñòíîãî (èíòåãðèðîâàííîãî) àíàëèçà íàäåæíîñòè è  

áåçîïàñíîñòè ÀÝÑ ñ ðåàêòîðîì ÐÁÌÊ, íà÷èíàÿ îò Èñõîäíîãî Ñîáûòèÿ è êîí÷àÿ  äîçîé 

îáëó÷åíèÿ ÷åëîâåêà. Â ÷àñòíîñòè, åñëè îãðàíè÷èâàòüñÿ òîëüêî ïåðâûìè äâóìÿ óðîâíÿìè  ÂÀÁà, 

ìàòåìàòè÷åñêîå îáåñïå÷åíèå ÑÌÎ-ÂÀÁ ñëóæèò îñíîâîé ðàçðàáîòêè Ìîíèòîðà Ðèñêà, 

ïîçâîëÿþùåãî â ðåàëüíîì ìàñøòàáå âðåìåíè îïðåäåëÿòü óðîâåíü áåçîïàñíîñòè ÀÝÑ. 

  

     INTEGRATED RELIABILITY AND SAFETY ANALYSIS  OF NPPS WITH  RBMK TYPE REACTORS. 

B.I. VINNIKOV. Description of a special software (SS-PSA), covering all the four levels of NPPs 

Probabilistic Safety Analysis (PSA), is given. The software SS-PSA is intended for  sequential 

fulfillment with a personal computer by one  expert   or a few experts  of works for  joint ( integrated ) 

analysis of reliability and  safety of NPP with RBMK type reactor, beginnig from an Initiating Event  up 

to  calculation of the radiation dose of a person. In particularly if you are using only the first two levels 

of PSA, the  software SS-PSA is the basis for  development of a Risk Monitor, that enabling to 

determine the NPP  safety level in real time. 



 

1. ÏÎÒÅÍÖÈÀËÜÍÛÅ ÂÎÇÌÎÆÍÎÑÒÈ È ÎÃÐÀÍÈ×ÅÍÈß 

   ÌÅÒÎÄÎËÎÃÈÈ ÂÅÐÎßÒÍÎÑÒÍÎÃÎ ÀÍÀËÈÇÀ ÁÅÇÎÏÀÑÍÎÑÒÈ 

   ÀÝÑ 

      Ìèðîâàÿ ïðàêòèêà àíàëèçà áåçîïàñíîñòè ÀÝÑ â ïðîøëîì è â áîëüøîé 

ñòåïåíè  â  íàñòîÿùåì  îñíîâûâàåòñÿ  íà  äåòåðìèíèñòñêîì  ïîäõîäå, 

îáóñëîâëåííîì îñíîâíûìè èíæåíåðíûìè ïðèíöèïàìè îáåñïå÷åíèÿ 

áåçîïàñíîñòè, òàêèìè êàê: êîíöåïöèÿ çàùèòû â ãëóáèíó,  îïðåäåëåíèå íàáîðà 

ïðîåêòíûõ àâàðèé, ïðèíöèï åäèíè÷íîãî îòêàçà,  ñïåöèôè÷åñêèå êðèòåðèè 

ïðîåêòèðîâàíèÿ äëÿ êàæäîãî òèïà  ÀÝÑ  è  ò.ï.  Âûÿâëÿåìûå ïðîáëåìû ïðè ýòîì 

ðåøàþòñÿ íà îñíîâå ñî÷åòàíèÿ èíæåíåðíîãî ïîäõîäà è îïûòà ýêñïëóàòàöèè. 

Îäíàêî âåðîÿòíîñòíîå  ñóæäåíèå  âñåãäà  áûëî ïðèñóùå ïðîöåññó ïðèíÿòèÿ 

ðåøåíèé è  â  ýòîì  ñëó÷àå.  Â  êà÷åñòâå íàèáîëåå ÿðêîãî ïðèìåðà ìîæíî óêàçàòü 

ñàì ïðèíöèï ALARA (As Low As Reasonably Achieved), ëåæàùèé â îñíîâå ïîäõîäà 

ê áåçîïàñíîñòè. 

     Â  ýòîé   ñâÿçè   ñîâåðøåííî   çàêîíîìåðíûì   ÿâèëîñü   âíà÷àëå  

ïîñòåïåííîå,  à  ñåé÷àñ  áóðíîå  ðàçâèòèå   â   ìèðîâîé   ïðàêòèêå  

ñîáñòâåííî âåðîÿòíîñòíîé ìåòîäîëîãèè ïðè àíàëèçå áåçîïàñíîñòè ÀÝÑ,  

ïîçâîëÿþùåé íå òîëüêî äåìîíñòðèðîâàòü  îòíîñèòåëüíóþ  áåçîïàñíîñòü  

ÀÝÑ, íî è âñêðûâàòü íåîïðåäåëåííîñòè  â  ýòîé  ïðîáëåìå.  Ïîêà  íå  

ïðèõîäèòñÿ   ãîâîðèòü   î   âûòåñíåíèè   âåðîÿòíîñòíûìè   ìåòîäàìè  

äåòåðìèíèñòñêîãî   ïîäõîäà,   íî   óæå   ÿâëÿåòñÿ   îáùåïðèçíàííîé  

ïîëåçíîñòü è äàæå íåîáõîäèìîñòü äîïîëíåíèÿ îäíîãî ïîäõîäà äðóãèì. 

   Òåðìèí Âåðîÿòíîñòíûé Àíàëèç Áåçîïàñíîñòè  (ÂÀÁ),  Probabilistic  

Safety  Assessment  (PSA),   âîøåë  íûíå  â  îáùóþ  ïðàêòèêó   êàê  



îáîçíà÷åíèå ïðèìåíåíèÿ  ìåòîäîâ  âåðîÿòíîñòíîãî  àíàëèçà  ðèñêà  â  

êà÷åñòâå èíñòðóìåíòà èññëåäîâàíèÿ áåçîïàñíîñòè ÀÝÑ  è  èíñòðóìåíòà  

îöåíêè óðîâíÿ áåçîïàñíîñòè ÀÝÑ. Ïðè ýòîì  èñïîëüçóþòñÿ  ëîãè÷åñêèå  

ñòðóêòóðû äåðåâüåâ  îòêàçîâ  è  äåðåâüåâ  ñîáûòèé  â  ñî÷åòàíèè  ñ  

àíàëèòè÷åñêèìè ìåòîäàìè ìîäåëèðîâàíèÿ ïðîöåññîâ, íàïðèìåð, àìåðèêàíñêèé 

êîä RELAP,  äëÿ  èññëåäîâàíèÿ ýôôåêòèâíîñòè ñëîæíûõ ñèñòåì áåçîïàñíîñòè,  à  

òàêæå  äëÿ  àíàëèçà ðåàêöèè ÀÝÑ  íà  ðàçëè÷íîå  ñî÷åòàíèå  èñõîäíûõ  ñîáûòèé,  

âíåøíèõ âîçäåéñòâèé è îòêàçîâ â ñèñòåìàõ. 

     Ïî óñòàíîâèâøåéñÿ â ìèðå òðàäèöèè  ÂÀÁ  ÀÝÑ  ïîäðàçäåëÿåòñÿ  íà  

÷åòûðå  óðîâíÿ.  Ñòàâøèé  â   ìèðå   ïî÷òè   òðàäèöèîííûì   àíàëèç  

õàðàêòåðèñòèê  íàäåæíîñòè  îòäåëüíûõ  ñèñòåì  íàçâàí  íèæíèì   èëè  

íóëåâûì  óðîâíåì  ÂÀÁà,  ÂÀÁ-0.  Íà  ïåðâîì  óðîâíå  ÂÀÁà,  ÂÀÁ-1,  

àíàëèçèðóþòñÿ   è   ðàññ÷èòûâàþòñÿ   ïîñëåäîâàòåëüíîñòè   ñîáûòèé (ñöåíàðèè 

àâàðèé), ïðèâîäÿùèå ê ïðåâûøåíèþ ïðîåêòíûõ ïðåäåëîâ  ïîâðåæäåíèÿ  

áàðüåðîâ, óäåðæèâàþùèõ ðàäèîàêòèâíîñòü. Ñöåíàðèè  ðàçðóøåíèÿ  èëè  

ïëàâëåíèÿ àêòèâíîé  çîíû,  èññëåäîâàíèå  ïðîöåññîâ  â  ñèñòåìå  ëîêàëèçàöèè, 

ðàñïðîñòðàíåíèå ðàäèîàêòèâíûõ âåùåñòâ  â  ïðåäåëàõ  ýíåðãîáëîêà  è 

ôîðìèðîâàíèå  âíåøíèõ  ïî  îòíîøåíèþ  ê   ýíåðãîáëîêó   èñòî÷íèêîâ 

ðàäèîàêòèâíîñòè àíàëèçèðóþòñÿ íà âòîðîì  óðîâíå  ÂÀÁà,  ÂÀÁ-2.  Íà òðåòüåì, 

ïîñëåäíåì óðîâíå ÂÀÁà, ÂÀÁ-3,  àíàëèçèðóþòñÿ  ïîñëåäñòâèÿ àâàðèè äëÿ 

íàñåëåíèÿ è îêðóæàþùåé ñðåäû.  Âûïîëíåíèå  âñåõ  ýòàïîâ îáåñïå÷èâàåò 

ïîëíîìàñøòàáíûé ÂÀÁ. 

     Â íàñòîÿùåå âðåìÿ ÂÀÁ ÀÝÑ ñòàë ñòàíäàðòíûì ìåòîäîì îöåíêè  ðèñêà îò 

ÀÝÑ, à òàêæå ñòàíäàðòíûì ìåòîäîì äàëüíåéøåãî óñîâåðøåíñòâîâàíèÿ ýòèõ  

óñòàíîâîê.  ÂÀÁ  ÿâëÿåòñÿ  èíñòðóìåíòîì,  èñïîëüçóåìûì   äëÿ ñèñòåìàòè÷åñêîé 



ïðîâåðêè êîíñòðóêòèâíûõ è ïðîåêòíûõ ðåøåíèé ïî ÀÝÑ èëè  ïðîâåðêè  

ýêñïëóàòàöèîííûõ   óñëîâèé   ñ   öåëüþ   íàõîæäåíèÿ ýôôåêòèâíûõ ïóòåé 

ïîâûøåíèÿ áåçîïàñíîñòè óñòàíîâêè.  

     Ãëàâíîé  èñõîäíîé  öåëüþ  ðàçâèòèÿ   ìåòîäîëîãèè   ðèñêà   áûëî  

êîëè÷åñòâåííîå îïðåäåëåíèå ðèñêà, êîòîðîìó ïîäâåðãàåòñÿ  íàñåëåíèå  

â ñâÿçè ñ ýêñïëóàòàöèåé  ñòàíöèè  (äîêëàä ãðóïïû Ðàñìóññåíà [ 1 ]),  äëÿ òîãî, 

÷òîáû ñðàâíèòü åãî ñ ðèñêîì îò äðóãèõ ïðîèçâîäñòâ è  äðóãèõ  âèäîâ 

äåÿòåëüíîñòè. Âïîñëåäñòâèè èíòåðåñ ñôîêóñèðîâàëñÿ  íà  ìåòîäîëîãèè ÂÀÁ  

óðîâíÿ  1 ( òî åñòü,  ïî  ñóùåñòâó,  íà   îïðåäåëåíèè   ðèñêà ïîâðåæäåíèÿ   

àêòèâíîé   çîíû),   êîòîðàÿ    ïðèíÿëà    äîñòàòî÷íî ñòàíäàðòèçîâàííûé  âèä.  Â  

íàñòîÿùåå  âðåìÿ   áîëüøèíñòâî   ñòðàí âûïîëíèëî, ïî êðàéíåé ìåðå, íåñêîëüêî 

ÂÀÁ óðîâíÿ 1  äëÿ  îòäåëüíûõ ñòàíöèé.  

     ÂÀÁ îáåñïå÷èâàåò ôîðìèðîâàíèå ïîäðîáíûõ ìîäåëåé äëÿ  àíàëèçà  è 

ïîëó÷åíèÿ  êîëè÷åñòâåííûõ  îöåíîê  ðèñêà,  ñâÿçàííûõ  ñ   

âîçìîæíûì âëèÿíèåì ðàçëè÷íûõ ïåðåõîäíûõ  ñîáûòèé  è  àâàðèé,   

êîòîðûå  ìîãóò ïðîèñõîäèòü íà ÀÝÑ. Ìîäåëè îáüåäèíÿþò  â  ñåáå  ðàçëè÷íûå  

àñïåêòû êîíñòðóêöèè ÀÝÑ è èõ ýêñïëóàòàöèè,  ÷òî  ïîçâîëÿåò  ñáàëàíñèðîâàòü 

âëèÿíèå âàæíûõ ôàêòîðîâ íà âåëè÷èíó ðèñêà. Ñàìàÿ î÷åâèäíàÿ ïîëüçà, êîòîðàÿ 

ìîæåò áûòü ïîëó÷åíà îò ÂÀÁ, ýòî èñïîëüçîâàíèå åãî â öåëÿõ ïðèíÿòèÿ ðåøåíèÿ 

îá  óñîâåðøåíñòâîâàíèÿõ   íà   îñíîâå   îïûòà ýêñïëóàòàöèè. ÂÀÁ ÿâëÿåòñÿ 

íàèëó÷øèì  èíñòðóìåíòîì  äëÿ  âûÿâëåíèÿ ñëàáûõ ìåñò óñòàíîâêè, à òàêæå äëÿ 

èõ ðàíæèðîâàíèÿ ïî  ñòåïåíè  èõ âêëàäà â ðèñê. Ýòè óñîâåðøåíñòâîâàíèÿ  íà  

îñíîâå  ïðåæíåãî  îïûòà äîëæíû ïîíèìàòüñÿ  êàê  èçó÷åíèå  ðàçëè÷íûõ  

âîïðîñîâ,  â  êîòîðûõ ìîäåëè ÂÀÁ è åãî ðåçóëüòàòû ìîãóò ïîìî÷ü â âûÿâëåíèè  

ñëàáûõ  ìåñò ñòàíöèè. 



     Âî-ïåðâûõ, ÂÀÁ  ïîçâîëÿåò  âûÿâèòü  òå  àñïåêòû  â  êîíñòðóêöèè  

óñòàíîâêè, êîòîðûå ìîæíî óëó÷øèòü ñ  öåëüþ  óìåíüøåíèÿ  ðèñêà.  Ïî  

ðåçóëüòàòàì  ÂÀÁà  âûÿâëÿþò  êðèòè÷åñêèå   åäèíè÷íûå   îòêàçû   èëè  

ñî÷åòàíèÿ îòêàçîâ,  à  òàêæå  îòêàçû  ïî  îáùåé  ïðè÷èíå  è  îáùèå  

çàâèñèìîñòè, êîòîðûå ìîãóò ïðèâîäèòü  ê  îòêàçó  ñðàçó  íåñêîëüêèõ  

òåõíîëîãè÷åñêèõ ñèñòåì áåçîïàñíîñòè. Òàêæå  óêàçûâàþòñÿ  âîçìîæíûå  

èçìåíåíèÿ  â  êîíñòðóêöèè,  íàïðàâëåííûå  íà  ñîêðàùåíèè  âðåìåíè,  

òðåáóåìîãî äëÿ íåêîòîðûõ êðèòè÷åñêèõ äåéñòâèé ïåðñîíàëà, îñîáåííî,  

åñëè  îíè  òðåáóþò  âêëþ÷åíèÿ  îáîðóäîâàíèÿ  â  ðàáîòó  ïî  ìåñòó,  

íàïðèìåð,  ïóòåì  çàìåíû  àðìàòóðû,   óïðàâëÿåìîé   ëîêàëüíî,   íà  

äèñòàíöèîííî óïðàâëÿåìóþ. Î÷åíü âàæíî çàìåòèòü, ÷òî ÂÀÁ  ïîçâîëÿåò  

ïðîèçâåñòè ðàíæèðîâàíèå âàæíîñòè ðàçëè÷íûõ ïðîåêòíûõ èçìåíåíèé  íà îñíîâå 

îöåíîê ÷óâñòâèòåëüíîñòè è çíà÷èìîñòè. Ýòî ïîçâîëÿåò  ëåãêî  

ïðèíÿòü ðåøåíèå î òîì, êàêîå èçìåíåíèå ñëåäóåò  âíîñèòü  â  ïåðâóþ  

î÷åðåäü. 

     Äðóãîé îáëàñòüþ, â êîòîðîé,  êàê  óæå  äîêàçàíî,  ÂÀÁ  ïîëåçåí,  

ÿâëÿþòñÿ àâàðèéíûå èíñòðóêöèè (ÀÈ). ÂÀÁ øèðîêî èñïîëüçóåò  ÀÈ  ïðè  

îïèñàíèè àâàðèéíûõ ïîñëåäîâàòåëüíîñòåé è ïðè àíàëèçå  âåðîÿòíîñòåé  

îøèáî÷íûõ äåéñòâèé  ïåðñîíàëà.  Òàêèì  ïóòåì  ìîæíî  îáíàðóæèòü  è  

èñïðàâèòü âíóòðåííèå  íåñîîòâåòñòâèÿ  â  ÀÈ,  à  òàêæå  ïðåäëîæèòü  

èçìåíåíèÿ èëè íàéòè  àëüòåðíàòèâû,  êîòîðûå  íå  áûëè  ïðèíÿòû  âî  

âíèìàíèå    ðàíåå,    íî    áûëè    îïðåäåëåíû    ïîñëå    àíàëèçà  

ïîñëåäîâàòåëüíîñòåé. Ïðè ýòîì ìîãóò áûòü ñäåëàíû  ðåêîìåíäàöèè  ïî  

óëó÷øåíèþ ÀÈ ñ òî÷êè çðåíèÿ ïîâûøåíèÿ ÷åëîâå÷åñêîãî ôàêòîðà. 

     Òðåòüåé  îáëàñòüþ,  â  êîòîðîé  ÂÀÁ  äàåò  öåííóþ   èíôîðìàöèþ,  



ÿâëÿþòñÿ âîïðîñû èñïûòàíèé è ðåìîíòîâ îáîðóäîâàíèÿ.  ÂÀÁ  ïîìîãàåò  

âûÿâèòü  îáîðóäîâàíèå,  êîòîðîå  ñîâñåì  íå  ïðîâåðÿåòñÿ  èëè   íå  

ïðîâåðÿåòñÿ äîëæíûì îáðàçîì îòíîñèòåëüíî îïðåäåëåííûõ îòêàçîâ. Ýòî  

òðåáóåò  áîëåå  äåòàëüíîé  èíôîðìàöèè  ïî  ïðîöåäóðàì  ïðîâåðêè  è  

ðåìîíòà  îáîðóäîâàíèÿ  èëè  íàâûêàì   ïåðñîíàëà.   ÂÀÁ   ïîçâîëÿåò  

ïðåäëîæèòü íåêîòîðûå èçìåíåíèÿ â ïðîöåäóðû îáñëóæèâàíèÿ äëÿ  òîãî,  

÷òîáû  áûòü  óâåðåííûì  â  òîì,   ÷òî   îáîðóäîâàíèå   ïðîâåðÿåòñÿ  

ñîîòâåòñòâóþùèì  îáðàçîì.   Àíàëîãè÷íûì  îáðàçîì   ìîæíî   âûÿâèòü  

êðèòè÷åñêîå îáîðóäîâàíèå ñ  âûñîêîé  íåãîòîâíîñòüþ,  îáóñëîâëåííîé  

ïðîâåðêàìè èëè îáñëóæèâàíèåì. Â ýòîì ñëó÷àå  ìîæíî  îïòèìèçèðîâàòü  

ïðîöåäóðó îáñëóæèâàíèÿ äëÿ òîãî, ÷òîáû ìàêñèìàëüíî  óìåíüøèòü  åãî  

÷àñòîòó è òðåáóåìîå âðåìÿ.  

     Êàê  áûëî  ñêàçàíî  âûøå,  ÂÀÁ  îáåñïå÷èâàåò  èñ÷åðïûâàþùèå   è  

öåëîñòíûå ìîäåëè äëÿ êîëè÷åñòâåííîé  îöåíêè  ðèñêîâ,  ñâÿçàííûõ  ñ  

ðàçëè÷íûìè àâàðèÿìè è ïåðåõîäíûìè ñîáûòèÿìè  íà  ÀÝÑ.  Ýòè  ìîäåëè 

ÿâëÿþòñÿ î÷åíü ìîùíûì èíñòðóìåíòîì, êîòîðûé ìîæåò áûòü èñïîëüçîâàí â   

êà÷åñòâå   îñíîâû   äîêóìåíòàöèè   ïî   âîïðîñàì   îáåñïå÷åíèÿ áåçîïàñíîñòè 

ñòàíöèè. Âàæíûìè îáëàñòÿìè ïðèìåíåíèÿ òàêèõ  ÂÀÁ  äëÿ êîíêðåòíûõ óñëîâèé 

ÿâëÿþòñÿ:  óñòàíîâëåíèå    ïðèîðèòåòíîãî ïåðñïåêòèâíîãî ïîâûøåíèÿ 

áåçîïàñíîñòè, îöåíêè ñ òî÷êè çðåíèÿ áåçîïàñíîñòè ïðåäëàãàåìûõ èçìåíåíèé íà 

ÀÝÑ  è ñðàâíåíèå àëüòåðíàòèâíûõ ïðîåêòîâ èëè èçìåíåíèé â  èíñòðóêöèÿõ, 

îïòèìèçàöèÿ  òåõíè÷åñêèõ  óñëîâèé  â  îòíîøåíèè   ïåðèîäè÷íîñòè  

èñïûòàíèé  è  äîïóñêàåìîãî âðåìåíè  ïðîñòîÿ äëÿ  îáñëóæèâàíèÿ è  

ðåìîíòà, ïëàíèðîâàíèå èñïûòàíèé è îáñëóæèâàíèÿ, êîíòðîëü çà êîíôèãóðàöèåé 

ñèñòåì áåçîïàñíîñòè ñòàíöèè, ìîíèòîðèíã óðîâíÿ áåçîïàñíîñòè óñòàíîâêè. 



     Ñîçäàíèå  àäåêâàòíîé ìàòåìàòè÷åñêîé  ìîäåëè  ÂÀÁà  ýíåðãîáëîêà   ÀÝÑ   

òðåáóåò îáúåäèíåíèÿ  óñèëèé  ñïåöèàëèñòîâ   ðàçëè÷íûõ    

ñïåöèàëüíîñòåé: êîíñòðóêòîðîâ, ìåõàíèêîâ, ôèçèêîâ, ïðîåêòèðîâùèêîâ,  

ñïåöèàëèñòîâ ïî ýëåêòðè÷åñêèì  è  óïðàâëÿþùèì  ñèñòåìàì,   

ýêñïëóàòàöèîííèêîâ  è ìíîãèõ äðóãèõ. Òàêîå îáúåäèíåíèå ðàçëè÷íûõ 

ñïåöèàëèñòîâ â ñîçäàíèè âåðîÿòíîñòíîé  ìîäåëè  ÿâëÿåòñÿ  íàèáîëåå    

ýôôåêòèâíûì   ñïîñîáîì îáúåêòèâíî è ãëóáîêî ïðîàíàëèçèðîâàòü  ñâîéñòâà  

ÀÝÑ.  Îáóñëîâëåíî ýòî òåì, ÷òî ëþáàÿ  ÀÝÑ  ÿâëÿåòñÿ  ïî  ñâîåé  ñëîæíîñòè  

îáúåêòîì, ïðàêòè÷åñêè íåäîñòóïíûì äëÿ ãëóáîêîãî ïîíèìàíèÿ  îäíèì  

÷åëîâåêîì. Ìèðîâàÿ ïðàêòèêà ñâèäåòåëüñòâóåò î äîñòàòî÷íî óñïåøíîì  

ïðèìåíåíèè êîëëåêòèâàìè ñïåöèàëèñòîâ ìåòîäîâ ÂÀÁà â öåëÿõ âûÿâëåíèÿ 

ñëàáûõ, ñ òî÷êè çðåíèÿ áåçîïàñíîñòè, ìåñò â ïðîåêòå è  ýêñïëóàòàöèè  ÀÝÑ,  à 

òàêæå  â  öåëÿõ îïòèìèçàöèè  çàòðàò   äëÿ   óñòðàíåíèÿ   âûÿâëåííûõ 

íåäîñòàòêîâ. 

     Ïðîèñõîäÿùèå   ïðîöåññû   ñîâåðøåíñòâîâàíèÿ    ìåòîäîëîãèè    è  

ðàñøèðåíèÿ  îáëàñòåé  è  ãëóáèíû  ïðèìåíåíèÿ  ÂÀÁ  îáóñëîâëèâàþòñÿ  

ãëàâíûì îáðàçîì ñòðåìëåíèåì îáåñïå÷èòü áåçîïàñíîñòü ÀÝÑ çà ñ÷åò: 

äîñòèæåíèÿ   äîñòàòî÷íîãî  óðîâíÿ  áåçîïàñíîñòè  ïðîåêòà  ÀÝÑ  è  

äîñòàòî÷íîãî óðîâíÿ ýêñïëóàòàöèè ÀÝÑ, óïðàâëåíèå ðèñêîì â òå÷åíèå âñåãî 

æèçíåííîãî öèêëà ÀÝÑ, îïòèìàëüíîãî ðàñïðåäåëåíèÿ ðåñóðñîâ ïðè  ïîâûøåíèè  

áåçîïàñíîñòè ÀÝÑ, ðàöèîíàëèçàöèè ïðîöåññîâ ïðèíÿòèÿ ðåøåíèé,  âûðàáîòêè 

ýôôåêòèâíîé ñòðàòåãèè óïðàâëåíèÿ òÿæåëûìè àâàðèÿìè. 

     Õàðàêòåðèçóÿ â  îáùåì  ñîâðåìåííîå  ñîñòîÿíèå  ìåòîäîëîãèè  ÂÀÁ  



íåîáõîäèìî îòìåòèòü, ÷òî ñèñòåìíûé àíàëèç ÀÝÑ â îòíîøåíèè àâàðèéíûõ 

ñîáûòèé è ïðîöåññîâ, îáóñëîâëåííûõ âíóòðåííèìè  ïðè÷èíàìè,  äîñòèã 

îòíîñèòåëüíî âûñîêîãî  óðîâíÿ.  Îäíàêî  îá   

èññëåäîâàíèÿõ  àâàðèé, ñâÿçàííûõ ñ âíåøíèìè âîçäåéñòâèÿìè, ýòîãî ñêàçàòü 

íåëüçÿ. Òàêàÿ æå ñèòóàöèÿ  èìååòñÿ  â  îòíîøåíèè   

ìîäåëèðîâàíèÿ  îòêàçîâ  ïî  îáùèì ïðè÷èíàì,  à  òàêæå  âëèÿíèå  ÷åëîâå÷åñêîãî  

ôàêòîðà.   Ïîëó÷åííûå ñîîòâåòñòâóþùèå    ðåçóëüòàòû     ñîïðîâîæäàþòñÿ     

çíà÷èòåëüíûìè íåîïðåäåëåííîñòÿìè.  

   Ñëåäóåò òàêæå îòìåòèòü, ÷òî ïåðâîíà÷àëüíî ÂÀÁ îðèåíòèðîâàëñÿ íà  

ïîëó÷åíèå êîëè÷åñòâåííîé  îöåíêè  ðèñêà  äëÿ  çäîðîâüÿ  íàñåëåíèÿ.  

Îäíàêî ñëîæíîñòü ïîëó÷åíèÿ äîñòîâåðíûõ êîëè÷åñòâåííûõ ðåçóëüòàòîâ,  

îáóñëîâëåííàÿ  ñïåöèôèêîé  àíàëèçèðóåìûõ   ïðîöåññîâ   ñäåëàëè   â  

íàñòîÿùåå âðåìÿ áîëåå àêòóàëüíûì èñïîëüçîâàíèå ìåòîäîëîãèè  ÂÀÁ  â  

êà÷åñòâå èíñòðóìåíòà ñðàâíèòåëüíîãî  àíàëèçà  ðàçëè÷íûõ  âàðèàíòîâ  

ïðåäëàãàåìûõ ïðîåêòíûõ è îðãàíèçàöèîííûõ ðåøåíèé. 

 

       2. ÑÏÅÖÈÀËÜÍÎÅ ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÎÁÅÑÏÅ×ÅÍÈÅ  

          ÄËß ÈÍÒÅÃÐÈÐÎÂÀÍÍÎÃÎ ÀÍÀËÈÇÀ ÍÀÄÅÆÍÎÑÒÈ  

          È ÁÅÇÎÏÀÑÍÎÑÒÈ ÀÝÑ Ñ ÐÅÀÊÒÎÐÀÌÈ ÐÁÌÊ 

        Óñëîâíî ìåòîäîëîãèþ àíàëèçà íàäåæíîñòè òåõíè÷åñêèõ ñèñòåì â 

îòäåëüíîñòè  è áåçîïàñíîñòè ÀÝÑ, êàê åäèíîå öåëîå, ìîæíî ðàçáèòü íà 

íåñêîëüêî äåñÿòêîâ ðàçäåëîâ [ 2 ], êàæäûé èç êîòîðûõ ñîäåðæèò ñâîþ 

ìåòîäîëîãèþ è ñâîè ðàñ÷åòíûå ïðîãðàììû, êîòîðûå, êàê ïðàâèëî, 

ðàçðàáàòûâàëèñü è ðàçðàáàòûâàþòñÿ ðàçëè÷íûìè îðãàíèçàöèÿìè. Ïîýòîìó  

ïîëíîìàñøòàáíàÿ  ìåòîäîëîãèÿ àíàëèçà íàäåæíîñòè è  



áåçîïàñíîñòè ÀÝÑ íåäîñòóïíà äëÿ ðåøåíèÿ îïåðàòèâíûõ çàäà÷  

áåçîïàñíîñòè ÀÝÑ, òàê êàê òðåáóåò ýôôåêòèâíîãî âçàèìîäåéñòâèÿ êàê ìåæäó 

íàó÷íûìè, êîíñòðóêòîðñêèìè è ïðîåêòíûìè îðãàíèçàöèÿìè, òàê è èõ 

âçàèìîäåéñòâèÿ ñ ïåðñîíàëîì ÀÝÑ. Â ñâÿçè ñ ýòèì  ïîñòîÿííî âîçíèêàëà çàäà÷à 

ðàçðàáîòàòü íà îñíîâå ñóùåñòâóþùåé  ìåòîäîëîãèè àíàëèçà íàäåæíîñòè è 

áåçîïàñíîñòè ÀÝÑ ýêñïðåññ-ìåòîäîëîãèþ, êîòîðàÿ áûëà áû çàìêíóòîé, òî åñòü 

îõâàòûâàëà áû âñå îñíîâíûå ðàçäåëû àíàëèçà, íî âìåñòå ñ òåì áûëà áû 

îïåðàòèâíîé ïðè åå ïðèìåíåíèè. Çäåñü ïîä îïåðàòèâíîñòüþ â ïåðâóþ î÷åðåäü 

ïîíèìàåòñÿ òî, ÷òîáû âåñü êîìïëåêñ íåîáõîäèìûõ ðàñ÷åòîâ ìîæíî áûëî áû 

ïðîâîäèòü ñàìîñòîÿòåëüíî îäíîé îðãàíèçàöèåé, â òîì ÷èñëå è ïåðñîíàëîì ÀÝÑ, 

èëè, ÷òî êðàéíå æåëàòåëüíî, îäíèì âûñîêîêâàëèôèöèðîâàííûì ñïåöèàëèñòîì. 

      Ïîýòîìó äëÿ âñåõ îñíîâíûõ îáëàñòåé èññëåäîâàíèÿ, êîòîðûìè ÿâëÿþòñÿ 

÷åòûðå óðîâíÿ Âåðîÿòíîñòíîãî Àíàëèçà Áåçîïàñíîñòè (ÂÀÁ) ÀÝÑ, áûëè âûáðàíû 

ïðîãðàììû ðàñ÷åòà [ 3 ], êîòîðûå ïðîñòû â èõ èñïîëüçîâàíèè íà ïåðñîíàëüíûõ 

êîìïüþòåðàõ è êîòîðûå ðàçðàáîòàíû íà îñíîâå èíæåíåðíûõ ìåòîäèê. Â 

ðåçóëüòàòå áûëî îáðàçîâàíî ñïåöèàëüíîå ìàòåìàòè÷åñêîå  îáåñïå÷åíèå (ÑÌÎ-

ÂÀÁ), ñîñòîÿùåå èç ñëåäóþùèõ ðàçäåëîâ, ìåòîäèê è ïðîãðàìì, ïðåäñòàâëåííûõ â 

òàáë.1. 



Ò à á ë è ö à 1. Ñòðóêòóðà Ñïåöèàëüíîãî Ìàòåìàòè÷åñêîãî 

                     Îáåñïå÷åíèÿ ÑÌÎ-ÂÀÁ 

_________________________________________________ 

Óðîâåíü ÂÀÁà      Îáëàñòü àíàëèçà             Ìåòîäèêè è ïðîãðàììû  

_________________________________________________  

ÂÀÁ-0:   íàäåæíîñòü òåõíè÷åñêèõ          ìåòîä äåðåâüåâ îòêàçîâ [ 4 ],   

             ñèñòåì                                  ïðîãðàììû PSA PACK, IRRAS                            

ÂÀÁ-1:   êàòåãîðèÿ è ÷àñòîòà                ìåòîä äåðåâüåâ ñîáûòèé [ 1 ],   

             ïîâðåæäåíèÿ ãîðþ÷åãî,           ïðîãðàììà RELAP 

ÂÀÁ-2:  ïåðåíîñ ðàäèîàêòèâíîñòè         ìåòîäèêà ÂÒÈ ðàñ÷åòà   

            ïî ïîìåùåíèÿì ÀÝÑ,               ðàñïðîñòðàíåíèÿ ïàðî- 

            âûáðîñ ðàäèîàêòèâíîñòè           âîçäóøíîé ñìåñè [ 5 ], 

            â àòìîñôåðó                            ïðîãðàììà VSPLESK 

ÂÀÁ-3: ðàñïðîñòðàíåíèÿ                      Ãàóññîâñêàÿ òåîðèÿ 

           ðàäèîàêòèâíîñòè â                    ðàñïðîñòðàíåíèÿ ïðèìåñåé 

           â îêðóæàþùåé ñðåäå                 â àòìîñôåðå [ 6 ],                                     

                                                        ïðîãðàììà BIOMA 

           äîçà îáëó÷åíèÿ ÷åëîâåêà             ìåòîä ÌÊÐÇ ðàñ÷åòà äîçû 

                                                         îáëó÷åíèÿ ÷åëîâåêà [ 7 ],        

                                                         ïðîãðàììà DOZA 

_________________________________________________ 

             

     Äàëåå ýòè ïðîãðàììû áûëè èíñòàëëèðîâàíû íà ïåðñîíàëüíûé  

êîìïüþòåð.  Âìåñòå ñ ãðàôè÷åñêèìè âîçìîæíîñòÿìè ïåðñîíàëüíûõ êîìïüþòåðîâ 

ìàòåìàòè÷åñêîå îáåñïå÷åíèå ÑÌÎ-ÂÀÁ ïðåäîñòàâëÿåò   èññëåäîâàòåëþ óäîáíóþ 



èíæåíåðíî-îðèåíòèðîâàííóþ ñðåäó äëÿ ïðîâåäåíèÿ àíàëèçà íàäåæíîñòè è 

áåçîïàñíîñòè ÀÝÑ ñ ðåàêòîðàìè ÐÁÌÊ. 

 

  3. ÏÈËÎÒÍÎÅ ÏÐÈÌÅÍÅÍÈÅ ÌÀÒÎÁÅÑÏÅ×ÅÍÈß ÑÌÎ-ÂÀÁ 

    Â ñàìîì îáùåì ñëó÷àå ðàçðàáîòàííîå ìàòåìàòè÷åñêîå îáåñïå÷åíèå  

ÑÌÎ-ÂÀÁ   ïðåäíàçíà÷åíî  äëÿ èíòåãðèðîâàííîãî àíàëèçà íàäåæíîñòè è 

áåçîïàñíîñòè ÀÝÑ. Ýòî îçíà÷àåò, ÷òî ñ ïîìîùüþ ýòîãî ìàòåìàòè÷åñêîãî 

îáåñïå÷åíèÿ  èññëåäîâàòåëü ìîæåò âûïîëíèòü íåîáõîäèìûé  ðÿä çàäà÷ ïî 

íàäåæíîñòè è áåçîïàñíîñòè ÀÝÑ, íà÷èíàÿ îò Èñõîäíîãî Ñîáûòèÿ è êîí÷àÿ 

ðàñ÷åòîì äîçû îáëó÷åíèÿ ÷åëîâåêà â ðåçóëüòàòå ýòîãî Èñõîäíîãî Ñîáûòèÿ. Â 

ïðèíöèïå âîçìîæíî îáúåäèíåíèå âñåõ äîìèíàíòíûõ Èñõîäíûõ Ñîáûòèé. Òîãäà   

ìàòåìàòè÷åñêîå îáåñïå÷åíèå ÑÌÎ-ÂÀÁ ïðåâðàùàåòñÿ â ðàñ÷åòíóþ ñèñòåìó, 

ïîçâîëÿþùóþ îïðåäåëèòü óðîâåíü áåçîïàñíîñòè (ðèñêà) ðàññìàòðèâàåìîé ÀÝÑ. 

Âîçìîæíî, åñòåñòâåííî, ïðîâåäåíèå íåîáõîäèìûõ èññëåäîâàíèé è ïî ÷àñòÿì, òî 

åñòü ìîæíî ïðîâîäèòü íåîáõîäèìûå íåçàâèñèìûå ðàñ÷åòû ïî àíàëèçó 

íàäåæíîñòè è áåçîïàñíîñòè ÀÝÑ äëÿ ëþáîãî îñíîâíîãî ðàçäåëà èññëåäîâàíèÿ. 

     Ïèëîòíîå (ïðîáíîå) ïðèìåíåíèå ìàòåìàòè÷åñêîãî îáåñïå÷åíèÿ ÑÌÎ-ÂÀÁ 

ïðîâîäèëîñü ïðè ðåøåíèè öåëîãî ðÿäà ïðàêòè÷åñêè âàæíûõ çàäà÷ äëÿ ÀÝÑ ñ 

ðåàêòîðàìè ÐÁÌÊ. Â ÷àñòíîñòè áûëè ðåøåíû ñëåäóþùèå çàäà÷è: 

ÀÍÀËÈÇ ÍÀÄÅÆÍÎÑÒÈ (ÂÀÁ-0): 

1. Ïðîâîäèëñÿ àíàëèç íàäåæíîñòè Ñèñòåì Áåçîïàñíîñòè ðåàêòîðîâ  

ÐÁÌÊ-1000 2-é î÷åðåäè Êóðñêîé ÀÝÑ  è 1-é î÷åðåäè  

Ñìîëåíñêîé ÀÝÑ  [ 8 ]. 



2. Àíàëèçèðîâàëàñü íàäåæíîñòü Áûñòðîäåéñòâóþùåé ×àñòè è ×àñòè Äëèòåëüíîãî 

Ðàcõîëàæèâàíèÿ ÑÀÎÐ ðåàêòîðà ÐÁÌÊ-1000 1-ãî áëîêà Êóðñêîé ÀÝÑ êàê äî 

ìîäåðíèçàöèè [ 9, 10], òàê è ïîñëå  

ìîäåðíèçàöèè [ 11, 12 ]. 

3. Àíàëèçèðîâàëàñü íàäåæíîñòü Áûñòðîäåéñòâóþùåé ×àñòè ÑÀÎÐ 1-ãî áëîêà 

Èãíàëèíñêîé ÀÝÑ [ 13 ]. 

ÀÍÀÄÈÇ ÁÅÇÎÏÀÑÍÎÑÒÈ (ÂÀÁ-2): 

1. Àíàëèçèðîâàëèñü ïîñëåäñòâèÿ àâàðèé ñ ðàçðûâîì Íàïîðíîãî Êîëëåêòîðà è 

Ðàçäàòî÷íîãî Ãðóïïîâîãî Êîëëåêòîðà 3-ãî áëîêà Ñìîëåíñêîé ÀÝÑ [ 14 ]. 

2. Àíàëèçèðîâàëîñü èçìåíåíèå äàâëåíèÿ â ïîìåùåíèÿõ 1-ãî áëîêà 

Ëåíèíãðàäñêîé ÀÝÑ ïðè ãèïîòåòè÷åñêèõ ðàçðûâàõ Íàïîðíîãî è Âñàñûâàþùåãî 

Êîëëåêòîðîâ ÊÌÏÖ ðåàêòîðîâ ÐÁÌÊ-1000[ 15 ].  

Ïîäîáíàÿ çàäà÷à ðåøàëàñü äëÿ ÷àñòè÷íûõ ðàçðûâîâ Íàïîðíîãî è Âñàñûâàþùåãî 

Êîëëåêòîðîâ[ 16 ]. 

3. Ïðîâîäèëîñü ðàñ÷åòíîå îáîñíîâàíèå îñíîâíûõ ìåðîïðèÿòèé ïî ðàçðàáîòêå 

ïàðî-âîçäóøíîé ñìåñè ðåàêòîðîâ ÐÁÌÊ-1000 1-îé î÷åðåäè Ëåíèíãðàäñêîé 

ÀÝÑ [ 17 ]. 

     Ñ ïîìîùüþ ìàòåìàòè÷åñêîãî îáåñïå÷åíèÿ ÑÌÎ-ÂÀÁ ðåøàëèñü 

ñîîòâåòñòâóþùèå çàäà÷è  òàêæå äëÿ ÂÀÁ-1 è ÂÀÁ-3. Áûëè ïðîâåäåíû òàêæå 

ñîîòâåòñòâóþùèå ðàñ÷åòû äëÿ Äåòåðìèíèñòñêîé Ïîääåðæêè ïðåäâàðèòåëüíîãî 

ÂÀÁà Êóðñêîé è Ñìîëåíñêîé ÀÝÑ.     

     Â ðåçóëüòàòå ðàñ÷åòîâ  áûëè ïîëó÷åíû âàæíûå ðåêîìåíäàöèè äëÿ ïîâûøåíèÿ 

óðîâíÿ áåçîïàñíîñòè ÀÝÑ ñ ðåàêòîðàìè ÐÁÌÊ, êîòîðûå áûëè âíåäðåíû ïðè 

ðåêîíñòðóêöèè ïåðâûõ áëîêîâ Ëåíèíãðàäñêîé è Êóðñêîé ÀÝÑ. Ðåçóëüòàòû 

ðàñ÷åòîâ  òàêæå ïðèìåíÿëèñü  ïðè ðàçðàáîòêå ìåðîïðèÿòèé ïî ïîâûøåíèþ 



óðîâíÿ áåçîïàñíîñòè Èãíàëèíñêîé ÀÝÑ äëÿ ïîëó÷åíèÿ ëèöåíçèè íà åå 

äëèòåëüíóþ ýêñïëóàòàöèþ. Â íàñòîÿùåå âðåìÿ ïðîâîäÿòñÿ àíàëîãè÷íûå 

ðàñ÷åòíûå èññëåäîâàíèÿ  äëÿ  ýêñïåðòèçû ìåæäóíàðîäíîãî ïðîåêòà ïî àíàëèçó 

íàäåæíîñòè è áåçîïàñíîñòè 2-ãî áëîêà Ëåíèíãðàäñêîé ÀÝÑ.  

 

4. ÎÖÅÍÊÀ ÂÎÇÌÎÆÍÎÑÒÈ ÐÀÇÐÀÁÎÒÊÈ ÌÎÍÈÒÎÐÀ ÐÈÑÊÀ 

   ÐÅÀËÜÍÎÃÎ ÂÐÅÌÅÍÈ ÍÀ ÎÑÍÎÂÅ ÏÅÐÑÎÍÀËÜÍÛÕ 

   ÊÎÌÏÜÞÒÅÐÎÂ 

     Â ðàáîòå [ 13 ] íà îñíîâå ðàñ÷åòà ïî ïàêåòó ÌÀÃÀÒÝ PSA PACK íàäåæíîñòè  

ÑÀÎÐ Èãíàëèíñêîé ÀÝÑ èçó÷àëàñü ïîòåíöèàëüíàÿ âîçìîæíîñòü ðàçðàáîòêè 

Ìîíèòîðà Ðèñêà ðåàëüíîãî âðåìåíè ñ ïîìîùüþ ïåðñîíàëüíûõ êîìïüþòåðîâ. 

Íèæå ïðèâîäÿòñÿ îñíîâíûå ðåçóëüòàòû ýòîé ðàáîòû.  Ïîäîáíûé íàëèç 

íàäåæíîñòè ÑÀÎÐ ðåàêòîðîâ ÐÁÌÊ ïðîâîäèëñÿ ðàíåå [ 18 ].  Îäíàêî ïðè  ýòîì  

íàäåæíîñòíûå  õàðàêòåðèñòèêè  ñîñòàâëÿþùèõ  ÑÀÎÐ ýëåìåíòîâ áðàëèñü èç 

Îáîáùåííîé Áàçû Äàííûõ ÌÀÃÀÒÝ, ïîñêîëüêó  â òî âðåìÿ äàííûõ ïî 

íàäåæíîñòè  äëÿ  ðåàêòîðîâ  ÐÁÌÊ  áûëî  íåäîñòàòî÷íî.  Íåñêîëüêî ïîçæå   

òàêèå  äàííûå áûëè   ïîëó÷åíû  è  ïîýòîìó   ïîÿâèëàñü âîçìîæíîñòü ïðîâåäåíèÿ 

àíàëîãè÷íûõ ðàñ÷åòîâ  ñ  ðåàëüíûìè  äàííûìè. Ïðè ýòîì, êàê è  ðàíåå,  

ðàññìàòðèâàëàñü  ÑÀÎÐ  1-ãî  áëîêà Èãíàëèíñêîé ÀÝÑ, à äàííûå  ïî  

íàäåæíîñòè  áðàëèñü  èç  ìàòåðèàëîâ ðîññèéñêî-øâåäñêîãî ïðîåêòà 

"Áàðñåëèíà"[ 19 ].  

   Â  îòëè÷èå  îò  ðàíåå  ïðèìåíÿâøåéñÿ  äëÿ  àíàëèçà   íàäåæíîñòè 

ïðîãðàììû FTAP (Fault Tree Analysis Programme)   â  äàííîì  ñëó÷àå  

ïðèìåíÿëàñü ïðîãðàììà SETS (Set Equation  Transformation  System).  

Îòìåòèì, ÷òî  ïðîãðàììà  SETS   ñîñòàâëÿåò  îñíîâó  ïðèìåíÿåìûõ  â  



íàñòîÿùåå  âðåìÿ  ïàêåòîâ  ïî  àíàëèçó  íàäåæíîñòè:  àìåðèêàíñêîãî  

ïàêåòà IRRAS è øâåäñêîãî  ïàêåòà  RISK  SPECTRUM.   Ýòà  ïðîãðàììà  

âêëþ÷åíà òàêæå â ïîñëåäíèå âåðñèè ïàêåòà ÌÀÃÀÒÝ PSAPACK. 

   Îäíàêî  â  îòëè÷èå  îò  ïðèìåíÿþùèõñÿ   ïàêåòîâ,   ãäå   àíàëèç  

íàäåæíîñòè   ïðîâîäèòñÿ   äëÿ   ãðàôè÷åñêîãî    äåðåâà    îòêàçîâ,  

ôîðìèðóåìîãî  íà  ýêðàíå  äèñïëåÿ  ïåðñîíàëüíîãî   êîìïüþòåðà,   â  

äàííîì  ñëó÷àå ñòðîèëñÿ áóëåâñêèé  àíàëîã  äåðåâà  îòêàçîâ.  Ýòî  

îáñòîÿòåëüñòâî  ïîçâîëèëî  îïðåäåëèòü  "÷èñòîå"   âðåìÿ   ðåøàåìîé  

çàäà÷è, ò.å. áåç ó÷åòà ìàøèííîãî âðåìåíè  íà  ñåðâèñ -ïðåâðàùåíèå  

ãðàôè÷åñêîãî äåðåâà îòêàçîâ â áóëåâñêîå. 

   Òàêîé ïîäõîä áûë âûáðàí ïî äâóì  ïðè÷èíàì: 1.  Ñëèÿíèå  ìàëûõ  

ãðàôè÷åñêèõ äåðåâüåâ  îòêàçîâ  â   áîëüøîå íå   âñåãäà âûïîëíÿåòñÿ óñïåøíî, ïî 

êðàéíåé ìåðå, ñ ïîìîùüþ ïàêåòà PSA PACK.  2. Çíàÿ "÷èñòîå" âðåìÿ ðàñ÷åòà 

îäíîé ñèñòåìû áåçîïàñíîñòè ìîæíî  

îöåíèòü âðåìÿ àíàëèçà îäíîé êîíôèãóðàöèè âñåõ ñèñòåì áåçîïàñíîñòè  

ðåàêòîðà ÐÁÌÊ. 

   Ðàñ÷åòû âûïîëíÿëèñü  â  äâà  ýòàïà.  Íà  1-ì  ýòàïå  ïðîâîäèëñÿ  

ðàçäåëüíûé àíàëèç íàäåæíîñòè ðàçëè÷íûõ êàíàëîâ áåçîïàñíîñòè  

Áûñòðîäåéñòâóþùåé   ×àñòè   ÑÀÎÐ,   ò.å.   äëÿ   êàæäîãî   êàíàëà  

áåçîïàñíîñòè ñòðîèëîñü è àíàëèçèðîâàëîñü ñâîå äåðåâî  îòêàçîâ.  Íà  

2-ì  ýòàïå  ïðîâîäèëñÿ  ñîâìåñòíûé  àíàëèç  íàäåæíîñòè   ðàçëè÷íûõ  

êàíàëîâ áåçîïàñíîñòè Áûñòðîäåéñòâóþùåé ×àñòè ÑÀÎÐ, ò.å. ñ  ïîìîùüþ  

îäíîãî áîëüøîãî áóëåâñêîãî äåðåâà îòêàçîâ. 

ÀÍÀËÈÇ ÍÀÄÅÆÍÎÑÒÈ:  Èñõîäíûì ïóíêòîì  ïðè  ïðîâåäåíèè  ðàáîòû  ÿâèëîñü  

ãðàôè÷åñêîå äåðåâî îòêàçîâ, ïðèâåäåííîå â îò÷åòå ïî ïðîåêòó "Áàðñåëèíà" [ 19 ].  



Òàì  æå èìåþòñÿ  è  íàäåæíîñòíûå  õàðàêòåðèñòèêè  ó÷èòûâàåìûõ   ýëåìåíòîâ. 

Îêîí÷àòåëüíîå áóëåâñêîå Äåðåâî Îòêàçîâ äëÿ âñåé Áûñòðî- Äåéñòâóþùåé 

×àñòè ( ÁÄ× ) ÑÀÎÐ ïðèâåäåíî â òàáë. 2. 

Ò à á ë è ö à 2. Áóëåâñêèé àíàëîã åäèíîãî Äåðåâà Îòêàçîâ 

                     äëÿ ÑÀÎÐ Èãíàëèíñêîé ÀÝÑ  

 

   ________________________________________________________________ 

    GABC          OR            GAB                    GAC        GBC 

       GAB       AND           GA00                   GB00 

       GAC        AND          GA00                   GC00 

       GBC        AND          GB00                   GC00 

      GA00          OR        GAA00                GAB00 

   GAA00          OR        GAA10             GAAA00 

   GAA10          OR        GAA20                GAA21       TH15S03    TH15S04 

   GAA20       AND        GAA40                GAA41 

   GAA40          OR     TH15S01                EKK11 

   GAA41          OR     TH15S02                    EP11 

   GAA21          OR     TH30S01             TH30S02 

GAAA00           OR     GAAA10                 RSTF1 

GAAA10           OR     GAAA20             GAAA22 

GAAA20        AND        GAA30             GAAA31 

GAAA30           OR          CUT1           TH30S03S  

GAAA31           OR          CUT1            TH30S04S           LV51 

GAAA22           OR     TH30S03            TH30S04 

   GAB00           OR        GAB10            GABA00 

   GAB10          OR         GAB20               GAA21        TH25S03      TH25S04 



   GAB20       AND         GAB30               GAB31 

   GAB30          OR      TH25S01                 EK11 

    GAB31         OR      TH25S02                  EP11 

 GABA00          OR          LSTF1           GAAA10 

     GB00           OR          GBA00              GBB00 

   GBA00          OR           GBA10          GBAA00 

   GBA10          OR           GBA20             GBA21        TH14S03       TH14S04 

   GBA20        AND           GBA40             GBA41 

GAB40           OR          TH14S01                EN11 

   GAB41           OR        TH14S02                 EJ11 

   GBA21           OR        TH40S01          TH40S02 

GBAA00           OR         GBAA10              RSTF2 

GBAA10           OR         GBAA20           GBAA22 

 GBAA20        AND        GBAA30            GBAA31 

GBAA30            OR             CUT2          TH40S03S               LU51 

GBAA31            OR             CUT2          TH40S04S               LV51 

GBAA22            OR       TH40S03            TH40S04 

   GBB00            OR           GBB10             GBB00 

   GBB10            OR           GBB20              GBA21         TH24S03     TH24S04 

   GBB20         AND            GBB30              GBB31 

   GBB30            OR         TH24S01                 EN11 

   GBB31            OR         TH24S02                  EJ11 

GBBA00             OR            LSTF2           GBAA10 

      GC00             OR             GL00                 GR00 

      GL00            OR               GL10              GLA00 

      GL10            OR                GL20                GL21                 GL22 



      GL20         AND                GL80                GL82 

      GL80            OR          TH19S05        TH19S04S 

      GL82            OR          TH18S04        TH18S03S 

      GL21         AND                 GL41                GL42              GL43 

      GL41            OR           TH18S02                LA22 

      GL42            OR           TH19S02                LA23 

      GL43            OR           TH19S03                LA22 

      GL22         AND          TH18S01S       TH19S01S 

    GLA00            OR             GLA10             RSPUR 

    GLA10            OR        TH18S02S        TH19S02S         TH19S03S 

       GR00           OR                  GR10            GRA00 

       GR10           OR                  GR20               GR21                   GR22 

       GR20         AND                 GR80               GR82 

        GR80           OR           TH29S05       TH29S04S 

        GR82           OR           TH28S04       TH28S03S 

         GR21       AND                  GR41               GR42                  GR43 

         GR41          OR            TH28S02               LA25 

         GR42          OR            TH29S02               LA26 

         GR43          OR             TH29S03               LA25 

         GR22       AND            TH28S01S      TH29S01S 

       GRA00         OR                 RGA10           LSPUR 

       GRA10         OR            TH28S02S      TH29S02S         TH29S03S 

Ïðèìå÷àíèÿ: 

1. OR è AND - ëîãè÷åñêèå îïåðàòîðû, 

2.  ëîãè÷åñêèå ïåðåìåííûå íà÷èíàþòñÿ ñ áóêâû G, 

3. îñòàëüíûå ïåðåìåííûå òèïà TH15S01, CUT1 è ò.ï.  ïðåäñòàâëÿþò ñîáîé 

   ïàðàìåòðû íàäåæíîñòè  ( basic events ) äëÿ ñîîòâåòñòâóþùèõ ýëåìåíòîâ 

   ÁÄ×   ÑÀÎÐ Èãíàëèíñêîé ÀÝÑ íà ãèäðàâëè÷åñêîé ñõåìå..  



_________________________________________________________________________ 

    Ðåçóëüòàòû ðàñ÷åòîâ  ïðåäñòàâëåíû  â  òàáë. 3. Èç ðåçóëüòàòîâ ðàñ÷åòîâ 

ñëåäóåò, ÷òî âåðîÿòíîñòü îòêàçà  íà  òðåáîâàíèå  ÁÄ×  ÑÀÎÐ   íåáîëüøàÿ,  

ðàâíàÿ 1.0Å-04.  Ïðåäåëüíîå  æå  çíà÷åíèå  ýòîé  âåëè÷èíû,  êàê   ñ÷èòàþò 

êàíàäñêèå ñïåöèàëèñòû [ 20 ], ÿâëÿåòñÿ  çíà÷åíèå,  ðàâíîå  1.0Å-03. Òàêèì 

îáðàçîì ÁÄ× ÑÀÎÐ 1-ãî áëîêà Èãíàëèíñêîé ÀÝÑ ÿâëÿåòñÿ  âåñüìà íàäåæíîé 

ñèñòåìîé áåçîïàñíîñòè. 

Ò à á ë è ö à 3. Îñíîâíûå ðåçóëüòàòû ðàñ÷åòà 

 _______________________________________________ 

             Êàíàë                   Îòêàç íà             Âðåìÿ ñ÷åòà,  

      áåçîïàñíîñòè                 òðåáîâàíèå               ñåê 

________________________________________________ 

 1-é áàëëîííûé êàíàë             7.87Å-03                1.5 

 2-é áàëëîííûé êàíàë             7.87Å-03                1.5 

 Íàñîñíûé êàíàë                     2.43Å-03                1.8 

 Áûñòðîäåéñòâóþùàÿ                9.97Å-05               11.7 

 ÷àñòü ÑÀÎÐ ( êàê 

   åäèíîå öåëîå) 

_______________________________________________ 

 

ÂÐÅÌß Ñ×ÅÒÀ:   Èç Òàáë. 3 òàêæå ñëåäóåò, ÷òî âðåìÿ, çàòðà÷èâàåìîå  

ïåðñîíàëüíûì êîìïüþòåðîì  ÐÑ-386   äëÿ   àíàëèçà   íàäåæíîñòè   îäíîé   

ñèñòåìû áåçîïàñíîñòè, ñîñòîÿùåé èç 70  ýëåìåíòîâ,  íåâåëèêî  è  ñîñòàâëÿåò 

âñåãî  12   ñåê.   Â íàñòîÿùåå   âðåìÿ   óñòàíîâëåíî  [ 19 ],   ÷òî   àíàëèç   

íàäåæíîñòè   ðåàêòîðîâ   ÐÁÌÊ âêëþ÷àåò â ñåáÿ ðàññìîòðåíèå íå áîëåå  20  



ñèñòåì  áåçîïàñíîñòè  è ñèñòåì,  âàæíûõ  äëÿ  áåçîïàñíîñòè.  Ïðè÷åì   â   

êàæäîé   ñèñòåìå ó÷èòûâàåòñÿ íå áîëåå 50-100 ýëåìåíòîâ. Ïîýòîìó àíàëèç  

íàäåæíîñòè ðåàêòîðà ÐÁÌÊ (äëÿ îäíîé êîíôèãóðàöèè ñèñòåì  áåçîïàñíîñòè)  

ìîæíî âûïîëíèòü íà ïåðñîíàëüíîì êîìïüþòåðå  âñåãî  çà  3-4  ìèíóòû.  Ýòî 

îçíà÷àåò,  ÷òî  íà  áàçå  ïðèìåíÿâøåéñÿ   çäåñü   ìåòîäîëîãèè   (èìåííî  

ïðèìåíåíèÿ áóëåâñêîãî äåðåâà îòêàçîâ) ìîæíî ðàçðàáîòàòü îïåðàòèâíûé  

èíäèêàòîð  óðîâíÿ  áåçîïàñíîñòè,   ÷àñòî   íàçûâàåìûé Ìîíèòîðîì Ðèñêà ( RISK 

MONITOR ). Îäíàêî äëÿ ýòîãî íåîáõîäèìî ïðåäâàðèòåëüíî âûïîëíèòü 

ñëåäóþùóþ ðàáîòó: äëÿ êàæäîãî Èñõîäíîãî Ñîáûòèÿ íåîáõîäèìî 

ñîîòâåòñòâóþùåå Äåðåâà Ñîáûòèé ïðåâðàòèòü â áóëåâñêîå Äåðåâî Îòêàçîâ è 

çàòåì ïðîâåñòè ñóììèðîâàíèå ïî âñåì Èñõîäíûì Ñîáûòèÿì.  

                                      5. ÂÛÂÎÄÛ 

 

     1. Ñîâðåìåííàÿ ìåòîäîëîãèÿ àíàëèçà íàäåæíîñòè è áåçîïàñíîñòè ÀÝÑ ââèäó 

åå ãðîìîçäêîñòè íå ïîçâîëÿåò îïåðàòèâíî ðåøàòü  ïðàêòè÷åñêèå çàäà÷è. Â ñâÿçè 

ñ ýòèì ïîñòîÿííî âîçíèêàëà çàäà÷à ðàçðàáîòàòü íà îñíîâå ñóùåñòâóþùåé 

ìåòîäîëîãèè  ýêñïðåññ-ìåòîäîëîãèþ, êîòîðàÿ îõâàòûâàëà áû îñíîâíûå îáëàñòè 

Âåðîÿòíîñòíîãî Àíàëèçà Áåçîïàñíîñòè (ÂÀÁ), íî âìåñòå ñ òåì áûëà áû 

ýôôåêòèâíîé ïðè åå ïðèìåíåíèè. 

     2. Äëÿ âñåõ îñíîâíûõ îáëàñòåé àíàëèçà:  ðàñ÷åò íàäåæíîñòè Ñèñòåì 

Áåçîïàñíîñòè,  ðàñ÷åò ÷àñòîòû ïîâðåæäåíèÿ àêòèâíîé çîíû,  ðàñ÷åò ïåðåíîñà 

ðàäèîàêòèâíîñòè ïî ïîìåùåíèÿì ÀÝÑ,  ðàñ÷åò ðàñïðîñòðàíåíèÿ 

ðàäèîàêòèâíîñòè â àòìîñôåðå,  ðàñ÷åò äîçû îáëó÷åíèÿ ÷åëîâåêà 

áûëè âûáðàíû, äîðàáîòàíû è ñîñòàâëåíû  ïðîãðàììû ðàñ÷åòà, êîòîðûå ïðîñòû â 

èõ èñïîëüçîâàíèè íà ïåðñîíàëüíûõ êîìïüþòåðàõ è êîòîðûå ðàçðàáîòàíû íà 



îñíîâå ìåòîäèê, êîòîðûå ìîãóò áûòü áûñòðî è ãëóáîêî ïîíèìàåìû 

ñïåöèàëèñòàìè, âåäóùèìè ñîîòâåòñòâóþùèå ïðàêòè÷åñêèå  ðàñ÷åòíûå 

èññëåäîâàíèÿ äëÿ ÀÝÑ. Äàëåå ýòè ïðîãðàììû áûëè èíñòàëëèðîâàíû íà 

ïåðñîíàëüíûé êîìïüþòåð. Â ðåçóëüòàòå áûëî ñîçäàíî Ñïåöèàëüíîå 

Ìàòåìàòè÷åñêîå Îáåñïå÷åíèå (ÑÌÎ-ÂÀÁ) äëÿ ïåðñîíàëüíûõ êîìïüþòåðîâ. 

Âìåñòå ñ ãðàôè÷åñêèìè âîçìîæíîñòÿìè ïåðñîíàëüíûõ êîìïüþòåðîâ ýòî  

Ñïåöèàëüíîå Ìàòåìàòè÷åñêîå Îáåñïå÷åíèå îáåñïå÷èâàåò óäîáíóþ 

âû÷èñëèòåëüíóþ ñðåäó äëÿ ïðîâåäåíèÿ èíòåãðèðîâàííîãî  àíàëèçà íàäåæíîñòè è 

áåçîïàñíîñòè ÀÝÑ. 

     3. Ñ  ïîìîùüþ ïîäãîòîâëåííîãî  Ñïåöèàëüíîãî Ìàòåìàòè÷åñêîãî 

Îáåñïå÷åíèÿ ÑÌÎ-ÂÀÁ áûë ðåøåí ðÿä ïðàêòè÷åñêè âàæíûõ çàäà÷ ïî àíàëèçó 

íàäåæíîñòè è áåçîïàñíîñòè ÀÝÑ ñ ðåàêòîðàìè ÐÁÌÊ. 
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